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1
VIDEO BITSTREAM DECODING USING
LEAST SQUARE ESTIMATES

CROSS-REFERENCE

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/947,149, filed on Jun. 29,
2007, entitled “VIDEO TRANSCODING QUALITY
ENHANCEMENT.”

TECHNICAL FIELD

The subject disclosure relates generally to video signal
processing, and more particularly to techniques for jointly
decoding multiple video streams.

BACKGROUND

With the recent growth of the Internet and success of wire-
less network technology, the transmission of video signals
has experienced a significant increase in popularity. However,
most communication systems over which video signals are
communicated are limited in storage and/or bandwidth
capacity. Because raw video signals are often very large in
size, such storage and/or bandwidth limits can render the
transmission of raw video signals over such networks imprac-
ticable.

To nonetheless allow transmission of video signals over
such networks, video signals can be distributed and stored in
compressed format. For example, in video streaming appli-
cations, a server can generate compressed video bitstreams
from a raw video signal for transmission to users. Multiple
bitstreams may be generated, each with different bit rates
corresponding to varying network conditions. Once the bit-
streams are generated, the raw video signal can then be dis-
carded due to storage limits. The bitstreams can then be
transmitted to one or more users, after which the users can
reconstruct the video signal from the received bitstreams.
However, because video compression is a lossy process, the
video signals reconstructed by each user will be distorted
from the original raw video signal. Traditionally, when mul-
tiple bitstreams having different bit rates are available, this
distortion is mitigated while reconstructing the original video
by decoding the video bitstream with the highest bit rate.
However, this traditional approach does not take into consid-
eration all of the available data, such as data present in the
bitstreams with lower bit rates, which could also be utilized to
improve decoding performance. Accordingly, there exists a
need in the art for techniques for reconstructing a video signal
from video bitstreams with a higher degree of precision.

SUMMARY

The following presents a simplified summary of the
claimed subject matter in order to provide a basic understand-
ing of some aspects of the claimed subject matter. This sum-
mary is not an extensive overview of the claimed subject
matter. It is intended to neither identify key or critical ele-
ments of the claimed subject matter nor delineate the scope of
the claimed subject matter. Its sole purpose is to present some
concepts of the claimed subject matter in a simplified form as
a prelude to the more detailed description that is presented
later.

The subject disclosure provides systems and methodolo-
gies for improved video signal reconstruction and video
stream decoding. In accordance with various aspects pre-
sented herein, a least square estimate (LLSE) algorithm can be
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utilized to jointly decode multiple video bitstreams. By
jointly decoding multiple video bitstreams, an original video
signal reconstructed from the bitstreams can have signifi-
cantly enhanced quality over a similar video signal recon-
structed using traditional approaches.

In accordance with one aspect, a decoder can reconstruct
discrete cosine transform (DCT) coefficients of a block in the
original video signal by using a weighted superposition of
corresponding DCT coefficients in co-located blocks recon-
structed from multiple bitstreams. The weights applied to the
DCT coefficients from the bitstreams can be adaptively deter-
mined to minimize the mean square error (MSE) of the coef-
ficients. To facilitate this process, a quantization error model
can also be used to track the MSE of the DCT coefficients in
the bitstreams.

To the accomplishment of the foregoing and related ends,
certain illustrative aspects of the claimed subject matter are
described herein in connection with the following description
and the annexed drawings. These aspects are indicative, how-
ever, of but a few of the various ways in which the principles
of the claimed subject matter can be employed. The claimed
subject matter is intended to include all such aspects and their
equivalents. Other advantages and novel features of the
claimed subject matter can become apparent from the follow-
ing detailed description when considered in conjunction with
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a high-level block diagram of a system for com-
municating and processing video streams in accordance with
various aspects.

FIG. 2 is a block diagram of a system for compressing and
reconstructing a video signal in accordance with various
aspects.

FIG. 3 is a block diagram of a system for reconstructing a
video signal from multiple video streams in accordance with
various aspects.

FIG. 4 illustrates error correlation data for an example
video decoding system in accordance with various aspects.

FIG. 5 is a block diagram of an example system for receiv-
ing and processing video streams in accordance with various
aspects.

FIG. 6 is a flowchart of a method for processing video bit
streams.

FIG. 7 is a flowchart of a method for reconstructing a video
signal from multiple video bit streams.

FIG. 8 is a block diagram of an example operating envi-
ronment in which various aspects described herein can func-
tion.

FIG. 9 is a block diagram of an example networked com-
puting environment in which various aspects described herein
can function.

DETAILED DESCRIPTION

The claimed subject matter is now described with reference
to the drawings, wherein like reference numerals are used to
refer to like elements throughout. In the following descrip-
tion, for purposes of explanation, numerous specific details
are set forth in order to provide a thorough understanding of
the claimed subject matter. It may be evident, however, that
the claimed subject matter may be practiced without these
specific details. In other instances, well-known structures and
devices are shown in block diagram form in order to facilitate
describing the claimed subject matter.
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As used in this application, the terms “component,” “sys-
tem,” and the like are intended to refer to a computer-related
entity, either hardware, a combination of hardware and soft-
ware, software, or software in execution. For example, a
component may be, but is not limited to being, a process
running on a processor, a processor, an object, an executable,
a thread of execution, a program, and/or a computer. By way
of'illustration, both an application running on a server and the
server can be a component. One or more components may
reside within a process and/or thread of execution and a
component may be localized on one computer and/or distrib-
uted between two or more computers. Also, the methods and
apparatus of the claimed subject matter, or certain aspects or
portions thereof, may take the form of program code (i.e.,
instructions) embodied in tangible media, such as floppy dis-
kettes, CD-ROMs, hard drives, or any other machine-read-
able storage medium, wherein, when the program code is
loaded into and executed by a machine, such as a computer,
the machine becomes an apparatus for practicing the claimed
subject matter. The components may communicate via local
and/or remote processes such as in accordance with a signal
having one or more data packets (e.g., data from one compo-
nent interacting with another component in a local system,
distributed system, and/or across a network such as the Inter-
net with other systems via the signal).

Referring to the drawings, FIG. 1 illustrates a high-level
block diagram of a system 100 for communicating and pro-
cessing video streams 30 in accordance with various aspects
presented herein. In one example, system 100 includes a
distributing device 10 that can transmit video streams 30 of
substantially identical content having different bit rates to a
receiving device 20. While only one distributing device 10
and one receiving device 20 are illustrated in system 100 for
simplicity, it should be appreciated that system 100 can
include any number of distributing devices 10 and/or receiv-
ing devices 20, each of which can communicate video
streams 30 to one or more devices 10 and/or 20 in system 100.

In another example, a compression component 12 can gen-
erate the video streams 30 by compressing a raw video signal
into multiple bit rates. While the compression component 12
is illustrated in FIG. 1 as part of the distributing device 10, it
should be appreciated that the compression component 12
can alternatively be external to the distributing device 10 and
communicate generated video streams 30 to a storage com-
ponent 14 and/or another appropriate component of the dis-
tributing device 10. In accordance with one aspect, the com-
pression component 12 can generate video streams 30 of
different bit rates from a common raw video signal to, for
example, facilitate access to the video signal under varying
network conditions. For example, a first receiving device 20
having a high bandwidth connection to the distributing device
10 can be configured to receive one or more video streams 30
with high bit rates from the distributing device 10, while a
second receiving device 20 having a low bandwidth connec-
tion can instead be configured to receive video stream(s) 30
with lower bit rates. Alternatively, the video streams 30 can be
generated by the compression component 12 in connection
with varying levels or tiers of service provided by the distrib-
uting device 10 having corresponding monetary rates associ-
ated therewith. Once generated, the video streams 30 can be
transmitted to a receiving device 20 and/or stored by the
storage component 14 at the distributing device 10 for later
transmission to a receiving device 20.

By way of non-limiting example, a distributing device 10
and a receiving device 20 can be communicatively connected
via a wired (e.g., Ethernet, IEEE-802.3, etc.) or wireless
(IEEE-802.11, Bluetooth™, etc.) networking technology.

20

25

30

35

40

45

50

55

60

65

4

Additionally, a distributing device 10 and a receiving device
20 can be directly connected to one another or indirectly
connected through a third party device (not shown). For
example, a distributing device 10 can be a web server and a
receiving device 20 can be a client computer that accesses the
distributing device 10 from the Internet via an Internet service
provider (ISP). As another example, a receiving device 20 can
be a mobile terminal that accesses video streams 30 from the
distributing device 10 via a cellular communication network
such as the Global System for Mobile Communications
(GSM), a Code Division Multiple Access (CDMA) commu-
nication system, and/or another suitable cellular communica-
tion network.

In accordance with one aspect, a raw video signal used by
the compression component 12 to generate the video streams
30 can be discarded after the video streams are generated 30
due to storage limits at the distributing device 10. Thus, only
the compressed video streams 30 generated from the original
raw video signal may be available to the receiving device 20.
In one example, the receiving device can obtain a video signal
corresponding to one or more video streams 30 by recon-
structing the video streams 30. However, because video com-
pression (e.g. video compression employed by the compres-
sion component 12) is a lossy process, distortion can be
present in a reconstructed video signal obtained by the receiv-
ing device 20.

To mitigate this distortion, a receiving device 20 can
include a joint reconstruction component 22 that can jointly
decode multiple video streams 30 generated from a common
raw video signal having different bit rates to reconstruct the
original video signal compressed by the compression com-
ponent 12. In one example, the compression component 12
compresses a raw video signal into video streams 30 by
utilizing a subset of information present in the raw signal and
discarding the remainder. As the bit rate of a video stream 30
increases, the amount of information from the raw signal
retained in the video stream 30 can likewise increase. How-
ever, due to varying quantization steps and other mechanisms
that can be utilized by the compression component 12 to
compress the raw signal into video streams 30, video streams
30 having different bit rates may include non-overlapping
information from the original raw video signal. In accordance
with one aspect, the joint reconstruction component 22 can
utilize this non-overlapping information from multiple video
streams 30 to jointly reconstruct a video signal using multiple
video streams 30. By doing so, a video signal reconstructed
by the joint reconstruction component 22 can have a higher
quality than a video signal obtained by reconstructing any
individual video stream 30. In one example, a video signal
reconstructed by the joint reconstruction component 22 can
then optionally be provided to a display component 24 at the
receiving device 20 for display. The display component 24
and/or another suitable component associated with the
receiving device 20 can additionally perform appropriate pre-
processing operations on the reconstructed video signal prior
to display, such as rendering, buffering, and/or other suitable
operations.

Referring now to FIG. 2, a block diagram of a system 200
for compressing and reconstructing a video signal is illus-
trated. In accordance with one aspect, an original video signal
can be received by a compression component 12. In one
example, the original video signal can be a time domain
signal that is composed of one or more two-dimensional
frames, each of which can in turn be composed of a series of
blocks. By way of specific, non-limiting example, blocks in
the video signal can represent 8x8 pixel areas in the video
signal and/or other suitable sizes and/or arrangements of pix-
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els. As another specific, non-limiting example, the blocks in
the video signal can include intra-coded blocks (“I-blocks™),
which are generated based only on information located at the
frame in which the block is located; inter-coded blocks (“pre-
diction blocks” or “P-blocks™), which can be generated based
on information in the current frame as well as immediately
preceding and/or succeeding frames; and/or other types of
blocks.

In accordance with one aspect, the compression compo-
nent 12 can compress the original video signal by determin-
ing and truncating information in respective blocks present in
the video signal that correspond to areas of low-frequency
deviation between pixels. For example, the compression
component can determine and truncate information corre-
sponding to low-frequency deviation in color, intensity, and/
or other appropriate measurements between pixels. To facili-
tate this process, the compression component 12 can convert
the original video signal to the frequency domain by perform-
ing a discrete cosine transform (DCT) 212 on the original
video signal.

In one example, after a DCT 212 is performed, each block
in the transformed signal can have DCT coefficients corre-
sponding to deviation frequencies between pixels in the
block. These coefficients can include one DC coefficient,
which represents an average value for the pixels in the block,
and a set of AC coefficients that represent change through the
pixels in the block at respective increasing frequencies. As
used generally herein, ak-th frame in a video signal is denoted
as F,. Further, x,(F,) is used to represent the i-th DCT coet-
ficient in an original video signal, and x,(F,, V,) is used to
represent the i-th DCT coefficient in a reconstructed video
signal corresponding to an 1-th video stream V,.

In accordance with another aspect, respective blocks of a
DCT-transformed video signal can be compressed by quan-
tizing the blocks of the transformed signal using a quantizer
214 at the compression component 12. The quantized blocks
can then be transmitted as a video stream 30 to a stream
reconstruction component 220, which can dequantize the
blocks using a dequantizer 222 in order to reconstruct the
video signal from the video stream 30. As used herein, the
expressions Q(V,Q,) and DeQ(L,Q,) respectively refer to a
quantization mapping used by the quantizer 214 and a
dequantization mapping used by the dequantizer 222. As used
in the expressions, V represents input to the quantizer 214, L.
represents input to the dequantizer 222, and Q,, represents a
quantization step.

In one example, intra-coded blocks and inter-coded blocks
can be quantized differently by the quantizer 214. Accord-
ingly, quantization mappings used by the quantizer 214 for
intra-coded blocks and inter-coded blocks are respectively
expressed herein as Q’ (V,Q,) and QF (V,Q,). By way of
specific example, the following quantization mappings may
be used by the quantizer 214 to quantize the DCT coefficients
of the converted original video signal:

Q'(V, Q,) if intracoded 0
V. Q=1 ‘
Q"(V,Q,) otherwise,
o'V, Q )=ﬂ00\{ﬂ]-sign(V) @
s %p 20, 5
(3)

o, 0, = ﬂoo{%]-sigmw,
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where floor(*) is used to round an input to the nearest integer
that is smaller than the input and sign(-) is used to return the
sign of the input. By way of further specific, non-limiting
example, a quantization step of Q,=8 may be used for the DC
coefficient of intra-coded blocks.

In accordance with another aspect, quantized intra-coded
and inter-coded blocks may be transmitted as a video stream
30 to the stream reconstruction component 220. Upon receiv-
ing the video stream 30, a dequantizer 222 at the stream
reconstruction component 220 can then dequantize the blocks
in the video stream 30. In one example, the dequantizer 222
can utilize the same dequantization mapping DeQ(L,Q,) to
dequantize the DCT coefficients of the video stream 30 for
both intra-coded and inter-coded blocks. This mapping can be
expressed as follows:

0, (2-L+1)
0, (2-L+1)-1

if Qp is odd )

DeQ(L, Qp) = {

otherwise.

Accordingly, based on Equations (1)-(4), a reconstructed sig-
nal corresponding to an input V generated by the dequantizer
222 at the stream reconstruction component 220 can be
defined as follows:

Rec(¥V,Q,)=DeQ(Q(V,0,).0,)- ®

In one example, the dequantized signal generated by the
dequantizer 222 has an associated degree of uncertainty.
More particularly, for a particular reconstructed value ¥, mul-
tiple values of V may exist that could result in a dequantized
value of ¥ (e.g., multiple values of V could satisfy Rec(V,Q,)
=V). Based on this uncertainty, a lower bound value LB(¥,Q,)
and an upper bound value UB(¥,Q,) can be defined as the
minimum and maximum values of V that satisfy Rec(V,Q,)
=V. As a result, with a quantization step of Q,, if V' is recon-
structed to ¥ by the dequantizer 222, then the cell (or “range™)
of the original signal V can be expressed as follows:

Ve[LB(0,),UB(%Q,)]- Q)

In one example, an intra-coded DCT coefficient x,(F,)
(e.g., a coefficient corresponding to an I-block) can be recon-
structed by the dequantizer 222 as follows:

Fi(Fp V)=Rec(x,(F1),0p)- M

Further, by way of specific, non-limiting example, the AC
coefficients for a given I-block can conform to a zero-mean
Laplacian probability distribution. The Laplacian probability
density function (PDF) J“Fk,,,li(x) for each coefficient in an
I-block can be expressed as follows:

®

1 BNV
oY Py,

fh oy @ = ==
Fi.Vy MFkv"l

whereh, V,i is a rate parameter of the distribution of the i-th
coefficient of frame F, in stream V,. In one example, the rate
parameter of the PDF . Vli(x) can be estimated by observing
the distribution of X,(F,,V)).

Additionally and/or alternatively, an inter-coded DCT
coefficient x,(F,) (e.g., a coefficient corresponding to a pre-
diction block) can be reconstructed by the dequantizer 222 as
follows. First, the expressionp,(F,_;,V,) can beused to denote
the i-th DCT coefficient of the prediction block generated by
the previous frame F,_,. The expression r(F,,V,) can then be
used to denote the i-th DCT coefficient of the residual signal,
which can be obtained using the following equation:
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Y EDDE e, V)+#(E V). ©)]

Based on the expressions p,(F, ;,V,) and r,(F,,V,) and Equa-
tion (9), the reconstructed version of the i-th DCT coefficient
of the residual of an 1-th stream V, can be expressed as fol-
lows:

F{Fy, V=Rec(r)Fy, Vl)an)- (10)

Based on Equations (9) and (10), an inter-coded DCT coet-
ficient r,(F,,V,) can then be reconstructed by the dequantizer
222 as follows:

FE R V)=piE 31, VAT (F i V). (11

By way of specific, non-limiting example, the distribution of
r,(F,,V,) can also be Laplacian. Accordingly, the PDF for the
distribution of r,(F,,V,) can be similar in form to Equation (8)
with a different rate parameter. In one example, the rate
parameter for the distribution of r,(F,,V,) can be obtained by
observing the distribution of ¥,(F,,V,) in a similar manner to
Equation (8) for the distribution of AC coefficients in an
I-block.

In accordance with another aspect, the stream reconstruc-
tion component 220 can further include an estimation com-
ponent 224. In one example, the estimation component 224
can obtain a minimum mean square error (MMSE) recon-
struction of the original video signal by utilizing the distribu-
tion of DCT coefficients, the quantization step applied by the
quantizer 214, and the upper and lower bounds for each
coefficient to estimate reconstructed coefficients within the
range for each coefficient that minimizes the mean square
error (MSE) of the reconstructed video signal.

In one specific example, the estimation component can
perform MMSE reconstruction using the Lloyd-Max method.
As used herein, the abbreviated expression X is used in place
of x,(F,,V;), which represents the i-th coefficient in a k-th
frame F, of an 1-th video stream V, 30. Accordingly, the
estimation component 224 can utilize the Lloyd-Max method
to determine an optimal reconstruction for an intra-coded
block based on the following equation:

fuxf(x)dx (12)

_
[redx’

Xopt

where I=LB(%,Q,), u=UB(%,Q,), Q,, is the size of the quanti-
zation step used by the quantizer 214, and f(x) represents the
distribution of the DCT coefficients of the block. Similarly,
the estimation component 224 can determine an MMSE
reconstruction of the residual portion of an inter-coded block
by using the following equation:

[ roar
Je

C rmr

a3

Yopt

where I'=LB(£,Q,,), w'=UB(%,Q,), Q, is the size of the quanti-
zation step used by the quantizer 214, and f(r) represents the
distribution of the DCT coefficients of the residual block.
Based on Equations (12) and (13), an optimal reconstruction
of'a video signal 30 as determined by the estimation compo-

nent 224 can then be expressed as follows:
14)

Xopt =P+ opr

In accordance with one aspect, upon reconstruction of a
video signal 30 by the stream reconstruction component 220,
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an inverse DCT (IDCT) 226 can be performed on the recon-
structed signal to convert the reconstructed signal back to the
time domain. After conversion to the time domain via IDCT
226, the reconstructed video signal can be further processed
and/or displayed by a receiving device (e.g., a receiving
device 20).

In accordance with another aspect, the MSE of the recon-
struction performed by the stream reconstruction component
220 for intra-coded blocks and inter-coded blocks in a video
stream 30 can be expressed as MSE,(x,,,,) for intra-coded
blocks and MSE(x,,,,) for inter-coded blocks. Further, MSE
for the respective types of blocks can be determined based on
the following equations:

MSE (o) = f " (= o) f 0, 4
{

v , (16)
MSEp(Xop) = f ((p+r)=(p+rop)) frdx
,

= f ‘ (r = rop P f()dx.
v

Turning to FIG. 3, a block diagram of a system 300 for
reconstructing a video signal from multiple video streams 30
in accordance with various aspects is illustrated. In one
example, system 300 includes a joint reconstruction compo-
nent 22, which can be employed by a receiving device (e.g. a
receiving device 20) and/or another suitable device. The joint
reconstruction component 22 can obtain multiple video
streams 30 (e.g., from a distributing device 10), each of which
can be compressed from the same raw video signal at differ-
ent bit rates. Hach video stream can be initially processed by
one or more stream reconstruction components 220 as gen-
erally described supra with regard to system 200. While sys-
tem 300 illustrates a stream reconstruction component 220
corresponding to respective video streams 30, it should be
appreciated that fewer stream reconstruction components 220
can be employed by the joint reconstruction component 22
and that respective stream reconstruction components 220
can individually and/or jointly process any number of video
streams 30. For example, the joint reconstruction component
22 can contain a single stream reconstruction component 220
that initially processes all video streams 30. In accordance
with one aspect, the reconstructed individual streams can then
be provided to a joint decoding component 310, which can
combine information from the reconstructed streams to
reconstruct the raw video signal represented by the video
streams 30. An IDCT 226 can then be performed on the
jointly reconstructed video signal to convert the signal to the
time domain for display and/or other processing.

In accordance with one aspect, the joint decoding compo-
nent 310 can reconstruct a video signal from multiple video
streams 30 by utilizing a least square estimate (L.SE) crite-
rion. In one example, LSE joint decoding can be performed
by the joint decoding component 310 as follows. First, fromn
video streams 30 representing the same original video, which
canberepresented as (V,...,V,,), optimal DCT coefficients
for each individual video stream 30 in the MMSE sense can
be determined by respective stream reconstruction compo-
nent(s) 220 using Equations (12) and (14).

As used herein, DCT coefficients corresponding to each
video stream 30 are collectively referred to as x and the
indices 1 are omitted. Accordingly, the joint decoding com-
ponent 310 can receive a column vector X, 0, =Xopss - - - 5
xopm)T , which represents the MMSE reconstructions of the
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collocated DCT coefficients from video streams (V,,...,V,)
as performed by the respective stream reconstruction compo-
nent(s) 220. Additionally, the joint decoding component 310
can receive a column vector Err=(e,, . . . , e,)” of random
variables that represent the reconstruction error from each
video stream 30. Based on these input vectors, the joint
decoding component 310 can determine a least square esti-
mate of an original video signal x as follows:

xLSE:XMMSET' 4 17

where W=(w, . ..
the constraint

, W,,) represents a set of weights subject to

that minimizes the following:

E [(x_xLSE)2] =E[(En”-)] 18)

The joint decoding component 310 can then determine the
value of each weight w, by differentiating Equation (18) with
respect to w, for 1=i<n and solving the resulting n equations
together with the constraint

In one example, the joint reconstruction component 22 can
then generate a reconstructed video signal by combining each
reconstructed stream according to their corresponding deter-
mined weights and performing an IDCT 226 on the result.

In the specific, non-limiting example where two video
streams 30 are present in the system 300, the error variance of
each stream after reconstruction by respective stream recon-
struction component(s) 220 can be respectively expressed as
o,°=F[e,?] and o,°=E[e,?]. Further, the error correlation
coefficient between the two reconstructed streams can be
expressed as p=E[e,e,]/0,0,. Based on these definitions, a
set of weights W can be determined by the joint decoding
component 310 as follows:

0%—0'10'2P 011—0'10'2P 19

W= s s
(U'f +03 - 20100p  0F +0% = 20102p

where the error variances o, and o, of each DCT coefficient
can be calculated with respect to Equations (15) and (16). In
one example, the error correlation p can be obtained by simu-
lation.

When two video signals 30 are present and optimal weights
Ware utilized by the joint decoding component 310, the
expected mean square error of the LSE estimation performed
by the joint decoding component 310 can be expressed as
follows:

alo3(l—p?) (20)

Ellx—x, N 7
[(x = xL58)7] e p—

By way of another specific, non-limiting example, the joint
reconstruction component 22 can be used to reconstruct a
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video signal from multiple video streams 30 that are com-
pressed using the H.263 codec. As the H.263 codec utilizes
8x8 blocks, a stream reconstruction component 220 at the
joint reconstruction component 22 can reconstruct a given
video stream 30 by collecting statistics for each of the 64
corresponding DCT coefficients in each present inter-coded
and intra-coded block in the video stream 30. By doing so, the
rate parameters for coefficient distribution can be obtained by
observing the video streams 30. For example, when an
I-frame is decoded, rate parameters for the coefficients of
corresponding intra-coded blocks can be estimated as
described supra with regard to Equation (8). Additionally,
when a P-frame is decoded, rate parameters for the coeffi-
cients of inter-coded blocks in the following P-frame can be
estimated as described supra with regard to Equations (10)
and (11).

Next, given the DCT distribution, MMSE decoding can be
performed for each present video stream 30 in the DCT
domain by respective stream reconstruction component(s)
220 as described supra with regard to Equations (12)-(14). In
one example, this process can be embedded into the decoding
process after dequantization of the image and/or residue for
I-blocks and/or P-blocks but before an IDCT 226 is per-
formed. This process can include calculating an MMSE esti-
mate for each coefficient and its corresponding MSE and then
computing a L.SE joint estimate of the respective coefficients
via the joint decoding component 310. An IDCT 226 can then
be performed on the L.SE-estimated coefficients to obtain an
enhanced video reconstruction.

In an additional example, operation of the joint reconstruc-
tion component 22 can be further simplified by performing
LSE decoding only on the first few DCT coefficients of
respective reconstructed blocks due to the fact that the power
of respective high frequency DCT coefficients is relatively
small as compared to the power of lower frequency DCT
coefficients. By way of specific, non-limiting example, coef-
ficients for each DCT block can be LSE decoded by the joint
decoding component 310 in zigzag order. When the power of
a coefficient is less than the expected MSE of the MMSE
estimation, L.SE decoding for the block can be terminated. By
performing decoding in this manner, sufficient performance
can be obtained by performing LSE decoding on approxi-
mately 20% of the coefficients present in the video streams
30.

Referring next to FIG. 4, a graph 400 is provided that
illustrates error correlation data for an example video decod-
ing system in accordance with various aspects described
herein. More particularly, graph 400 illustrates example error
correlation coefficients p between two reconstructed video
streams (V,,V,) with different quantization steps (Q,,,Q,,)-
If reconstructions V, and V, are inter-coded, it can be
observed from Equation (10) that p can be a function of the
ratio of Q,,,/Q,,, and the residual covariance of the two video
streams, which can be expressed as (E[r,(F,,V ) 1,(F,,V,)]).

In one example, representative error correlation coeffi-
cients p can be obtained by fixing the ratio Q,,/Q,, and
measuring p in various simulation sequences. The simulation
results can then be averaged to obtain coefficients p as a
function of quantization step ratio. Graph 400 illustrates
resulting values of p for each of the 64 DCT coefficients
present in blocks of various simulation sequences in scanning
order for 4 different quantization step ratios. It should be
appreciated that while p is approximated in graph 400, the
approximations used are nonetheless accurate due to the slow
variation of p. It can additionally be seen from graph 400 that



US 8,625,676 B2

11

the error correlations obtained for lower-frequency coeffi-
cients are smaller than those obtained for higher-frequency
coefficients.

In another specific example, if two reconstructed video
streams are both intra-coded, it can be observed from Equa-
tion (7) that the corresponding p can be a functionof Q,,,/Q,,»
and the distribution of x (F,). As a result, the error correlation
coefficients p for such a case can be estimated in a similar
manner to that illustrated by graph 400. In yet another specific
example, reconstructed signals coded with different modes,
e.g. anintra-coded V| and aninter-coded V ,, can have an error
correlation coefficient of p=0 as the signal is independent
before quantization.

Referring to FIG. 5, a block diagram of an example system
500 for receiving and processing video streams 30 is illus-
trated. In accordance with one aspect, system 500 can include
areceiving device 20, to which multiple video streams 30 can
be transmitted (e.g., by a distributing device 10). In one
example, the video streams 30 are generated (e.g., by a com-
pression component 12) from a common video signal using
different bit rates. The receiving device 20 can include a joint
reconstruction component 22 and/or a display component 24,
each of which can operate in accordance with various aspects
described herein.

In one example, the receiving device 20 can include one or
more antennas 510, each of which can receive one or more
video streams 30. In accordance with one aspect, respective
video streams 30 received by antenna(s) 510 at the receiving
device 20 can be provided to a joint reconstruction compo-
nent 22 at the receiving device 20. While only two video
streams 30 and two antennas 510 are illustrated for brevity, it
should be appreciated that system 500 can include any num-
ber of video streams 30 and/or antennas 510. By way of
specific, non-limiting example, the receiving device 20 can be
a mobile telephone or similar device that employs one or
more antennas 510 for receiving video streams 30 from a
wireless access point and/or another appropriate transmitting
entity.

Additionally and/or alternatively, the number of video
streams 30 transmitted to the receiving device 20 may be
greater than the number of antennas 510 present at the receiv-
ing device 20. Accordingly, antenna(s) 510 at the receiving
device 20 can respectively be configured to receive multiple
video streams 30. For example, an antenna 510 at the receiv-
ing device 20 can receive multiple video streams 30 sequen-
tially in time, or alternatively an antenna 510 can receive a
plurality of multiplexed video streams 30 simultaneously
(e.g. based on code division multiplexing (CDM), frequency
division multiplexing (FDM), and/or another appropriate
multiplexing technique). In one example, to facilitate sequen-
tial and/or multiplexed reception and processing of video
streams 30, the joint reconstruction component 22 can
employ various buffering and/or storage mechanisms. In
another example, system 500 can include multiple receiving
devices 20 having one or more antennas 510, and each receiv-
ing device 20 can be configured to receive only a subset of
available video streams 30. For example, a first receiving
device 20 can be configured to receive only a first video
stream 30 having a first bit rate, and a second receiving device
20 can be configured to receive only a second video stream 30
having a second bit rate. Such a scenario can occur, for
example, due to variations in the communication capabilities
of the receiving devices 20, variations in network conditions
between the receiving devices 20 and a transmitting entity,
and/or other factors. In such an example, antennas 510
located at each receiving device 20 can be operable both to
receive video streams 30 and to communicate received video
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streams 30 to other receiving devices 20 to facilitate joint
reconstruction of the video streams in accordance with vari-
ous aspects described herein.

Referring now to FIGS. 6-7, methodologies that can be
implemented in accordance with various aspects described
herein are illustrated. While, for purposes of simplicity of
explanation, the methodologies are shown and described as a
series of blocks, it is to be understood and appreciated that the
claimed subject matter is not limited by the order of the
blocks, as some blocks may, in accordance with the claimed
subject matter, occur in different orders and/or concurrently
with other blocks from that shown and described herein.
Moreover, not all illustrated blocks may be required to imple-
ment the methodologies in accordance with the claimed sub-
ject matter.

Furthermore, the claimed subject matter may be described
in the general context of computer-executable instructions,
such as program modules, executed by one or more compo-
nents. Generally, program modules include routines, pro-
grams, objects, data structures, etc., that perform particular
tasks or implement particular abstract data types. Typically
the functionality of the program modules may be combined or
distributed as desired in various embodiments. Furthermore,
as will be appreciated various portions of the disclosed sys-
tems above and methods below may include or consist of
artificial intelligence or knowledge or rule based components,
sub-components, processes, means, methodologies, or
mechanisms (e.g., support vector machines, neural networks,
expert systems, Bayesian belief networks, fuzzy logic, data
fusion engines, classifiers . . . ). Such components, inter alia,
can automate certain mechanisms or processes performed
thereby to make portions of the systems and methods more
adaptive as well as efficient and intelligent.

Referring to FIG. 6, a method 600 of processing video bit
streams (e.g. video streams 30) in accordance with various
aspects is illustrated. At 602, a plurality of video bit streams
generated from a common original video signal (e.g., by a
compression component 12) are received (e.g., at a receiving
device 20 from a distributing device 10). At 604, a video
signal is recovered from the video bit streams (e.g., by a joint
reconstruction component 22) by jointly decoding the video
bit streams. At 606, the video signal recovered at 604 is
displayed (e.g., by a display component 24).

Turning to FIG. 7, a method 700 of reconstructing a video
signal from multiple video bit streams is illustrated. At 702, a
plurality of video bit streams generated from a common origi-
nal video signal are received. At 704, respective blocks
present in the video streams received at 702 are dequantized
(e.g. by a dequantizer 222). At 706, a lower bound and an
upper bound are determined for selected DCT coefficients in
the blocks dequantized at 704. At 708, video signals are
reconstructed (e.g., by estimation components 224 at respec-
tive stream reconstruction components 220) from respective
video streams over the selected DCT coefficients using the
lower and upper bounds determined at 706. Finally, at 710, a
least square estimate of the original video signal from which
the video bit streams were generated at 702 is obtained by
applying weights to respective reconstructed video streams
that minimize the deviation of the combined video streams
from the original video signal.

In order to provide additional context for various aspects
described herein, FIG. 8 and the following discussion are
intended to provide a brief, general description of a suitable
computing environment 800 in which various aspects of the
claimed subject matter can be implemented. Additionally,
while the above features have been described above in the
general context of computer-executable instructions that may
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run on one or more computers, those skilled in the art will
recognize that said features can also be implemented in com-
bination with other program modules and/or as a combination
of hardware and software.

Generally, program modules include routines, programs,
components, data structures, etc., that perform particular
tasks or implement particular abstract data types. Moreover,
those skilled in the art will appreciate that the claimed subject
matter can be practiced with other computer system configu-
rations, including single-processor or multiprocessor com-
puter systems, minicomputers, mainframe computers, as well
as personal computers, hand-held computing devices, micro-
processor-based or programmable consumer electronics, and
the like, each of which can be operatively coupled to one or
more associated devices.

The illustrated aspects may also be practiced in distributed
computing environments where certain tasks are performed
by remote processing devices that are linked through a com-
munications network. In a distributed computing environ-
ment, program modules can be located in both local and
remote memory storage devices.

A computer typically includes a variety of computer-read-
able media. Computer-readable media can be any available
media that can be accessed by the computer and includes both
volatile and nonvolatile media, removable and non-remov-
able media. By way of example, and not limitation, computer-
readable media can comprise computer storage media and
communication media. Computer storage media can include
both volatile and nonvolatile, removable and non-removable
media implemented in any method or technology for storage
of information such as computer-readable instructions, data
structures, program modules or other data. Computer storage
media includes, but is not limited to, RAM, ROM, EEPROM,
flash memory or other memory technology, CD-ROM, digital
versatile disk (DVD) or other optical disk storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or any other medium which can be used
to store the desired information and which can be accessed by
the computer.

Communication media typically embodies computer-read-
able instructions, data structures, program modules or other
data in a modulated data signal such as a carrier wave or other
transport mechanism, and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of its characteristics set or changed in such a
manner as to encode information in the signal. By way of
example, and not limitation, communication media includes
wired media such as a wired network or direct-wired connec-
tion, and wireless media such as acoustic, RF, infrared and
other wireless media. Combinations of the any of the above
should also be included within the scope of computer-read-
able media.

With reference again to FIG. 8, an exemplary environment
800 for implementing various aspects described herein
includes a computer 802, the computer 802 including a pro-
cessing unit 804, a system memory 806 and a system bus 808.
The system bus 808 couples to system components including,
but not limited to, the system memory 806 to the processing
unit 804. The processing unit 804 can be any of various
commercially available processors. Dual microprocessors
and other multi-processor architectures may also be
employed as the processing unit 804.

The system bus 808 can be any of several types of bus
structure that may further interconnect to a memory bus (with
or without a memory controller), a peripheral bus, and a local
bus using any of a variety of commercially available bus
architectures. The system memory 806 includes read-only
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memory (ROM) 810 and random access memory (RAM)
812. A basic input/output system (BIOS) is stored in a non-
volatile memory 810 such as ROM, EPROM, EEPROM,
which BIOS contains the basic routines that help to transfer
information between elements within the computer 802, such
as during start-up. The RAM 812 can also include a high-
speed RAM such as static RAM for caching data.

The computer 802 further includes an internal hard disk
drive (HDD) 814 (e.g., EIDE, SATA), which internal hard
disk drive 814 may also be configured for external use in a
suitable chassis (not shown), a magnetic floppy disk drive
(FDD) 816, (e.g., to read from or write to a removable diskette
818) and an optical disk drive 820, (e.g., reading a CD-ROM
disk 822 or, to read from or write to other high capacity optical
media such as the DVD). The hard disk drive 814, magnetic
disk drive 816 and optical disk drive 820 can be connected to
the system bus 808 by a hard disk drive interface 824, a
magnetic disk drive interface 826 and an optical drive inter-
face 828, respectively. The interface 824 for external drive
implementations includes at least one or both of Universal
Serial Bus (USB) and IEEE-1394 interface technologies.
Other external drive connection technologies are within con-
templation of the subject disclosure.

The drives and their associated computer-readable media
provide nonvolatile storage of data, data structures, com-
puter-executable instructions, and so forth. For the computer
802, the drives and media accommodate the storage of any
data in a suitable digital format. Although the description of
computer-readable media above refers to a HDD, a remov-
able magnetic diskette, and a removable optical media such as
aCD or DVD, it should be appreciated by those skilled in the
art that other types of media which are readable by a com-
puter, such as zip drives, magnetic cassettes, flash memory
cards, cartridges, and the like, may also be used in the exem-
plary operating environment, and further, that any such media
may contain computer-executable instructions for perform-
ing the methods described herein.

A number of program modules can be stored in the drives
and RAM 812, including an operating system 830, one or
more application programs 832, other program modules 834
and program data 836. All or portions ofthe operating system,
applications, modules, and/or data can also be cached in the
RAM 812. It is appreciated that the claimed subject matter
can be implemented with various commercially available
operating systems or combinations of operating systems.

A user can enter commands and information into the com-
puter 802 through one or more wired/wireless input devices,
e.g. a keyboard 838 and a pointing device, such as a mouse
840. Other input devices (not shown) may include a micro-
phone, an IR remote control, a joystick, a game pad, a stylus
pen, touch screen, or the like. These and other input devices
are often connected to the processing unit 804 through an
input device interface 842 that is coupled to the system bus
808, but can be connected by other interfaces, such as a
parallel port, a serial port, an IEEE-1394 port, a game port, a
USB port, an IR interface, etc.

A monitor 844 or other type of display device is also
connected to the system bus 808 via an interface, such as a
video adapter 846. In addition to the monitor 844, a computer
typically includes other peripheral output devices (not
shown), such as speakers, printers, etc.

The computer 802 may operate in a networked environ-
ment using logical connections via wired and/or wireless
communications to one or more remote computers, such as a
remote computer(s) 848. The remote computer(s) 848 can be
a workstation, a server computer, a router, a personal com-
puter, portable computer, microprocessor-based entertain-
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ment appliance, a peer device or other common network
node, and typically includes many or all of the elements
described relative to the computer 802, although, for purposes
of brevity, only a memory/storage device 850 is illustrated.
The logical connections depicted include wired/wireless con-
nectivity to a local area network (LAN) 852 and/or larger
networks, e.g. a wide area network (WAN) 854. Such LAN
and WAN networking environments are commonplace in
offices and companies, and facilitate enterprise-wide com-
puter networks, such as intranets, all of which may connect to
a global communications network, e.g. the Internet.

When used in a LAN networking environment, the com-
puter 802 is connected to the local network 852 through a
wired and/or wireless communication network interface or
adapter 856. The adapter 856 may facilitate wired or wireless
communication to the LAN 852, which may also include a
wireless access point disposed thereon for communicating
with the wireless adapter 856.

When used in a WAN networking environment, the com-
puter 802 can include a modem 858, or is connected to a
communications server on the WAN 854, or has other means
for establishing communications over the WAN 854, such as
by way of the Internet. The modem 858, which can be internal
or external and a wired or wireless device, is connected to the
system bus 808 via the serial port interface 842. In a net-
worked environment, program modules depicted relative to
the computer 802, or portions thereof, can be stored in the
remote memory/storage device 850. It will be appreciated
that the network connections shown are exemplary and other
means of establishing a communications link between the
computers can be used.

The computer 802 is operable to communicate with any
wireless devices or entities operatively disposed in wireless
communication, e.g., a printer, scanner, desktop and/or por-
table computer, portable data assistant, communications sat-
ellite, any piece of equipment or location associated with a
wirelessly detectabletag (e.g., akiosk, news stand, restroom),
and telephone. This includes at least Wi-Fi and Bluetooth™
wireless technologies. Thus, the communication can be a
predefined structure as with a conventional network or simply
an ad hoc communication between at least two devices.

Wi-Fi, or Wireless Fidelity, is a wireless technology similar
to that used in a cell phone that enables a device to send and
receive data anywhere within the range of a base station.
Wi-Fi networks use IEEE-802.11 (a, b, g, etc.) radio tech-
nologies to provide secure, reliable, and fast wireless connec-
tivity. A Wi-Fi network can be used to connect computers to
each other, to the Internet, and to wired networks (which use
IEEE-802.3 or Ethernet). Wi-Fi networks operate in the unli-
censed 2.4 and 5 GHz radio bands, atan 13 Mbps (802.11a) or
54 Mbps (802.11b) data rate, for example, or with products
that contain both bands (dual band). Thus, networks using
Wi-Fi wireless technology can provide real-world perfor-
mance similar to a 10BaseT wired Ethernet network.

Referring now to FIG. 9, a schematic block diagram of an
example networked computing environment in which various
aspects described herein can function is illustrated. The sys-
tem 900 includes one or more client(s) 902, which can be
hardware and/or software (e.g., threads, processes, comput-
ing devices). In one example, the client(s) 902 can house
cookie(s) and/or associated contextual information.

The system 900 can additionally include one or more serv-
er(s) 904, which can also be hardware and/or software (e.g.
threads, processes, computing devices). In one example, the
servers 904 can house threads to perform one or more trans-
formations. One possible communication between a client
902 and a server 904 can be in the form of a data packet
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adapted to be transmitted between two or more computer
processes. The data packet can include, for example, a cookie
and/or associated contextual information. The system 900
can further include a communication framework 906 (e.g., a
global communication network such as the Internet) that can
be employed to facilitate communications between the client
(s) 902 and the server(s) 904.

Communications can be facilitated via a wired (including
optical fiber) and/or wireless technology. The client(s) 902
are operatively connected to one or more client data store(s)
908 that can be employed to store information local to the
client(s) 902 (e.g., cookie(s) and/or associated contextual
information). Similarly, the server(s) 904 are operatively con-
nected to one or more server data store(s) 910 that can be
employed to store information local to the servers 904.

The claimed subject matter has been described herein by
way of examples. For the avoidance of doubt, the subject
matter disclosed herein is not limited by such examples. In
addition, any aspect or design described herein as “exem-
plary” is not necessarily to be construed as preferred or
advantageous over other aspects or designs, nor is it meant to
preclude equivalent exemplary structures and techniques
known to those of ordinary skill in the art. Furthermore, to the
extent that the terms “includes,” “has,” “contains,” and other
similar words are used in either the detailed description or the
claims, for the avoidance of doubt, such terms are intended to
be inclusive in a manner similar to the term “comprising” as
an open transition word without precluding any additional or
other elements.

Additionally, the disclosed subject matter can be imple-
mented as a system, method, apparatus, or article of manu-
facture using standard programming and/or engineering tech-
niques to produce software, firmware, hardware, or any
combination thereofto control a computer or processor based
device to implement aspects detailed herein. The terms
“article of manufacture,” “computer program product” or
similar terms, where used herein, are intended to encompass
a computer program accessible from any computer-readable
device, carrier, or media. For example, computer readable
media can include but are not limited to magnetic storage
devices (e.g. hard disk, floppy disk, magnetic strips . . . ),
optical disks (e.g., compact disk (CD), digital versatile disk
(DVD) . . .), smart cards, and flash memory devices (e.g.,
card, stick). Additionally, it is known that a carrier wave can
be employed to carry computer-readable electronic data such
as those used in transmitting and receiving electronic mail or
in accessing a network such as the Internet or a local area
network (LAN).

The aforementioned systems have been described with
respect to interaction between several components. It can be
appreciated that such systems and components can include
those components or specified sub-components, some of the
specified components or sub-components, and/or additional
components, according to various permutations and combi-
nations of the foregoing. Sub-components can also be imple-
mented as components communicatively coupled to other
components rather than included within parent components,
e.g. according to a hierarchical arrangement. Additionally, it
should be noted that one or more components can be com-
bined into a single component providing aggregate function-
ality or divided into several separate sub-components, and
any one or more middle layers, such as a management layer,
can be provided to communicatively couple to such sub-
components in order to provide integrated functionality. Any
components described herein can also interact with one or
more other components not specifically described herein but
generally known by those of skill in the art.
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What is claimed is:
1. A system, comprising:
a joint reconstruction component that reconstructs a com-
mon original video signal from respective video streams
encoded at disparate bit rates from the common original
video signal based at least in part on a decoding that
employs a least squares estimation, the joint reconstruc-
tion component comprising:
one or more stream reconstruction components that
reconstruct video signal information corresponding
to the respective video streams, wherein the one or
more stream reconstruction components further com-
prise respective estimation components that deter-
mine respective ranges of discrete cosine transform
coefficients for the respective video streams, and
select values for the discrete cosine transform coeffi-
cients for the respective video streams from the
respective ranges based on a probability distribution
for the discrete cosine transform coefficients; and

a joint decoding component that creates a reconstructed
video signal at least in part by determining weight
values for the video signal information corresponding
to the respective video streams to reduce a distortion
between the common original video signal and the
reconstructed video signal.

2. The system of claim 1, wherein the respective video
streams are frequency domain video streams respectively
comprising the discrete cosine transform coefficients.

3. The system of claim 2, wherein the joint reconstruction
component reconstructs the common original video signal in
a frequency domain, and converts the common original video
signal reconstructed by the joint reconstruction component to
atime domain video signal by performing an inverse discrete
cosine transform.

4. The system of claim 3, further comprising a display
component that displays the common original video signal
reconstructed by the joint reconstruction component.

5. The system of claim 1, wherein the respective video
streams are quantized based on the bit rates for the respective
video streams, and the one or more stream reconstruction
components comprise respective one or more dequantizers
that dequantize the respective video streams based on the bit
rates of the respective video streams.

6. The system of claim 1, wherein the one or more stream
reconstruction components select the values for the discrete
cosine transform coefficients to minimize or substantially
minimize a minimum mean square error of the reconstructed
video signal in relation to the common original video signal.

7. The system of claim 1, wherein the joint decoding com-
ponent further combines the reconstructed video signal infor-
mation based on the weight values.

8. The system of claim 1, further comprising one or more
antennas that receive the respective video streams.

9. A method, comprising:

decoding respective video bit streams resulting in decoded
video bit streams, wherein the video bit streams origi-
nate from a common original video signal and are
encoded at different bit rates; and

recovering the common original video signal at least in part
by jointly analyzing the decoded video bit streams to
obtain a least square estimate of the common original
video signal, wherein the recovering comprises:
determining a lower bound and an upper bound for

selected discrete cosine transform coefficients in

respective blocks in the decoded video bit streams;
applying weight values to the decoded video bit streams,

wherein the weight values are based on a deviation
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between the common original video signal and the
decoded video bit streams; and

obtaining a reconstruction of the common original video

signal for the selected discrete cosine transform coeffi-
cients based at least in part on the lower bound, the upper
bound, a probability distribution for the selected discrete
cosine transform coefficients, and the weight values.

10. The method of claim 9, further comprising:

receiving the respective video bit streams as a plurality of

frequency-domain video bit streams; and

converting the respective video bit streams to a frequency

domain representation based on a discrete cosine trans-
form.

11. The method of claim 10, wherein the respective video
bit streams comprise respective blocks having a predeter-
mined number of discrete cosine transform coefficients.

12. The method of claim 11, further comprising quantizing
the respective blocks using quantization steps, wherein the
quantization steps are based on the bit rates of the respective
video bit streams.

13. The method of claim 12, wherein the decoding com-
prises dequantizing the respective blocks in the respective
video bit streams based on the quantization steps.

14. The method of claim 9, wherein the applying the weight
values yields weighted video bit streams, and the method
further comprises

combining the decoded video bit streams and the weighted

video bit streams to obtain a recovered video signal.

15. The method of claim 14, further comprising obtaining
a time-domain recovered video signal by performing an
inverse discrete cosine transform on the recovered video sig-
nal.

16. A computer-readable storage device having stored
thereon computer-executable instructions that, in response to
execution, cause a computer system including a processor to
perform operations, comprising:

decoding respective video bit streams to yield decoded

video bit streams, wherein the video bit streams origi-
nate from a common original video signal and are
encoded at different bit rates; and

recovering the common original video signal at least in part

by jointly analyzing the decoded video bit streams to

obtain a least square estimate of the common original

video signal, wherein the recovering comprises:

determining a lower bound and an upper bound for
selected discrete cosine transform coefficients in
respective blocks in the decoded video bit streams;

associating weight values to the decoded video bit
streams, wherein the weight values are determined
based on a deviation between the common original
video signal and the decoded video bit streams; and

obtaining a reconstruction of the common original video
signal for the selected discrete cosine transform coef-
ficients based at least in part on the lower bound, the
upper bound, a probability distribution for the
selected discrete cosine transform coefficients, and
the weight values.

17. The computer-readable storage device of claim 16,
wherein the operations further comprise receiving the respec-
tive video bit streams as a plurality of frequency-domain
video bit streams, wherein the respective video bit streams are
converted to a frequency-domain representation based on a
discrete cosine transform.

18. A system, comprising:

means for jointly decoding a plurality of data streams hav-

ing different bit rates to reconstruct an original video
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sequence at least in part by obtaining a least square
estimate of the original video sequence from the plural-
ity of data streams; and

means for reconstructing data signal information corre-

sponding to the plurality of data streams, wherein the

means for reconstructing comprises:

means for determining reconstructed discrete cosine
transform coefficients for the plurality of data streams
atleast in part by determining upper bounds and lower
bounds for respective discrete cosine transform coef-
ficients of the plurality of data streams;

means for selecting values for the respective discrete
cosine transform coefficients from respective ranges
defined by the upper bounds and lower bounds based
on a probability distribution for the discreet cosine
transform coefficients; and

means for generating a reconstructed video signal by
determining weight values for the data signal infor-
mation corresponding to the plurality of data streams
based on a deviation between the original video signal
and the reconstructed video signal.

19. The system of claim 18, further comprising means for
obtaining a frequency-domain reconstruction of the original
video sequence for the values of the respective discrete cosine
transform coefficients.
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